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JIT yy^VMP. PI^^PP"^ THERAPY 

The present invention relate, to gene directed enzyme prodrug 
therapy (GDEPT) and its use in the treatment of disease, including 
tumours. 

A therapeutic approach termed "virus-directed enzyme prodrug 
therapy" (VDEPT) has been proposed as a method for treating tumour 
cells in patients using prodrugs. Tumour cells are targeted with 
a viral vector carrying a gene encoding an enzyme capable of 
activating a prodrug. The gene may be transcriptionally regulated 
by tissue specific promoter or enhancer sequences. The viral 
vector enters tumour cells and expresses the enzyme, in order that 
a prodrug is converted to an active drug within the tumour cells 
(Huber et al, Proc. Natl. Acad. Sci. USA (1991) fifi, 8039) . 
Alternatively, non-viral methods for the delivery of genes have 
been used. Such methods include calcium phosphate co- 
precipitation, microinjection, liposomes, direct DMA uptake, and 
receptor-mediated DHA transfer. These are reviewed in Morgan i 
French Anderson, Annu. Rev. Biochem. , 1993,52;191. The term 
"GDEPT- (gene-directed enzyme prodrug therapy) is used to include 
both viral and non-viral delivery systems. 

A number of different enzymes have been proposed as being suitable 
for use in GDEPT therapy. In general, the enzymes have been 
selected to be compatible with prodrugs which are known to be 
effective against the tumour type being treated. It is also 
i»^ortant for the success of GDEPT that the drug is capable of 
entering the cell. 

Th. .nzym. c.rboxyp.ptidi». C2 (CPG2> b« be«, propo«a for us. in 
Antiboay-Direct.d Enzy« Prodrug «>er.py (ADEPT) ^ 
co-bination viU. . nuid.« of typ.s of prodrug., including nitro^ 
.ustard prodrug.. In ABEPT, th. prodrug i. .=tiv«.d 
cU or on the dl «irf.=., and thu. the prodrug »a. beli^-ed to 
have no .ignificant abUity to enter the cell. »l.o the prodrug 
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contains the hydrophilic glutamic acid. It has now surprisingly 
been found that such prodrugs not only enter the cell but can be 
activated intracellularly by CPG2. Furthermore, following 
activation in the cell, the drugs exhibit an effective bystander 
effect where surrounding cells are also killed by activated drug. 

n<«eiQsure of the Inventlgn* 

in order to overcome these problems, the present invention thus 
provides a two component system for gene-directed enzyme prodrug 
therapy which comprises: (a) a vector which encodes a 
carboxypeptidase which is expressed within a cell; and (b) a 
prodrug which can be converted into an active drug by said 
carboxypeptidase. The enzyme is preferably a bacterial 
carboxypeptidase, especially carboxypeptidase CPG2 (SEQ ID No. 1) 
or p«*»ndo«onaB Y-glutamylhydrolase EC3.4.22.12 (Levy CC « Goldman 
P J. Biol. Chem. 242; p2933 (1967). 

The vector may be a RNA or DNA vector. It may be derived from a 
viral vector, including any suitable vector available in the art 
for targeting tumour cells. 

The invention also provides the system of the invention for use in 
a method of treatment of a patient, and a method of treating a 
tumour in a patient in need of treatment which comprises 
administering to said patient an effective amount of a vector 
encoding a carboxypeptidase and a prodrug capable of bexng 
converted by said enzyme to an active drug. 

BT-ief Desr ^^r^ion of thp Drflvinqg 

IlTl^Iis. J^HsTs'ce^^^^^ ^^•"•/^ 
or with MLVCPG2* (lane 2). The cells were extracted into buffer 
A and samples of each were electrophoresed in 10%w/v polyacrylamide 
gels, transferred to nitrocellulose and probed with a CPG2 specific 
polyclonal antibody. The position of migration of CPG2* is shown 
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and the positions of migration of standard molecular mass markers 
(in XDa) are shown to the left of the figure. (B) CPG2 enzyme 
activity assay. The cell extracts from part (A) were analysed by 
CPG2 enzyme activity assay. Sample numbers correspond to lane 
numbers from part (A) . The enzyme activity is expressed in 
arbitrary units, relative to buffer controls. 

p^m,^.. 2. cv i-o^n^4r.-itv assav NIH3T3 cells were transfected with 
MLV^plink (samples 1, 3) or MLVCPG2* (lanes 2, 4). Forty-two hours 
after transfection, the cells were treated with CMDA prodrug 
vehicle as a control (lanes 1. 2) or with CMDA prodrug for 24 hours 
(lanes 3, 4). After a recovery period, the cells were passaged 
into fresh tissue culture dishes and after three days, the 
viability of the cells determined by measuring [methyl-^H] thymidine 
incorporation. The amount of incorporated thymidine is shown in 
terms of dpm for each sample. 

Figure 3 A shows the constitutive expression of CPG2* in NIH3T3 
cells. 

and 3C show in arbitrary units the enzymatic activity 
for ^-galactosidase (A) and CPG2 (B) expressed in NIH3T3 cell lines 
#3 (open bar) and #9 (solid bar) . 

a. v^etor systems. 

Examples of suitable vector systems include vectors based on the 
Molony murine leukaemia virus are known (Ram, Z et al, cancer 
Research (1993) S2;83-88; Dalton t Treisman, Cell (1992) M; 597- 
612). These vectors contain the Murine Leukaemia virus (MLV) 
enhancer cloned upstream at a ^-globin minimal promoter. The^- 
globin 5' untranslated region up to the initiation ATG is supplied 
to direct efficient translation of the cloned protein. The 
initiator ATG straddles an Ncol restriction site and thus can be 
used to clone a protein coding sequence into the vector. This 
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v«*=r further contain. . polylinl»r to '«"it.t. ^onin^ 
follo«d by th. /.-fllobin V-»ntr.n.l«.d region «u. P'^V-'^^*'^ 
.if.. Th. MLV «a«nc«: i. of particular us. .inc. it i. . .tron, 
«hanc.r and i. aetiv. in »o.t w«:in. ««1 

suitabl. viral v.ctor. furth.r Include those which ar. 
i retroviru.. Such v«*or. ar. «id.ly available in the art Huber 
et .1 (ibid) report th. us. of amphotropie ratroviru.- for th. 
tr«»for«tion of hepato«, br«.t, colon or «cin 0.II.. ~lv.r 
et .1 (Science (19.2) 2Sfi. 1550-1552) also describe the .-.^ 
retrovlxal vector, in »EPI. Such v.ctors or vector. d.riv^ fro. 
.uch v.ctor. .ay alao be «.«.. other retroviru... «y also b. 
to ..ice vectors suitable for use in the present invention. Su^ 
retroviruses include rous sarcoma virus (BSV) . The propter, fro. 
sue* viru.« My be u.«i in vector, in a manner analogous to that, 
described above for MLV, 

Englehardt et al (Hatur. G««ti=s (1993, 1; 27-34) '''^J^^l 
Of .d«»virus based vector, in the delivery of th. =V=tl= t">"«l' 
tr.ns«.br«,e conduct«»e product (crm, into cells, «.d such 
adenovirus based vectors «y also be used. Vector. utili.i^ 
adenovirus p«»ot.r and other control .equence. «y be of „e « 
deliv«in, a syst- according to th. invention to cell, in the 
lung, and h««:e useful in treating lung tumours. 

vector, encoding carboxypeptidase may be »d. using --'-^^ ^ 

4« 4->iA ATI: The sequences encoding "cne 
technigue. toown p.r« ^ ^^.^^t, J'.^thttic or recombinant 

.nzy« «y be J" „ J^i^ing existing seguenc. 

nucleic acid saquenoe. together, or Kffliry » „„ be 

w .fu directed m>tagene»is. Refermce My om 
by technique. «ich a. site dlrectea spring 
mad. to -Holecular Cloning" by sambroolc et al (1989, Cold p 
Tarbor, for di.cu..ion of standard recombinant EHX 
in general, the vector «y be any WK or !»» vector u«d in VDEPT 
or GDEPT therapies. 
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The carboxypeptidase will usually convert the prodrug into an 
active drug by removing a protecting group froa the prodrug. In 
most cases, the protecting group will be cleaved as a whole froB 
the prodrug. However, it is also possible for the enzyne to cleave 
or siaply alter part of the protecting group, resulting in a 
partially cleaved or altered protecting group which is unstable, 
resulting in spontaneous removal of the remainder of the group. 

Carboxypeptidase G2 (CPG2) is disclosed in W088/07378, and its 
sequence is also set out below as Seq. ID No. 1. Although the CPC2 
with the amino acid sequence of Seq. ID No. 1 is preferred, 
alterations to the sequence which are amino acid substitutions, 
deletions or insertions (eg. of about l, 2, 3, 4, 5, 10 or 20 
residues in each case) are also possible. In any event, the 
alteration will be such that the enzyme retains its ability to 
convert a prodrug to an active drug at substantially the same rate 
as the native enzyme. In this context, "substantially the same 
rate" will desirably be within 1 order of magnitude, and preferably 
from about 50-fold e.g. about 2-fold less to 2, 5 or 10 fold more. 

In addition to specific changes the enzyme may otherwise be altered 
by truncation, substitution, deletion or insertion as long as the 
activity of the enzyme is substantially unchanged as defined above. 
For example, small truncations in the N- and/or C-terminal sequence 
may occur as a result of the manipulations required to produce a 
vector in which a nucleic acid sequence encoding the enzyme is 
linked to a suitable promoter. The activity of the altered enzyme 
may be measured in model systems such as those described in the 
examples. 

An example of a trancated enzyme is CPG2* which contains amino 
acids 23 to 415 of Seq. ID No. 1. 



c. Promoters. 

The carboxypeptidase will be expressed in the vector using a 
promoter capable of being expressed in the cell to which the vector 
is targeted. The promoter will be operably linked to the sequences 
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encoding the enzyme and its associated sequences. For example, the 
c-erbB2 proto-oncogene is expressed in breast tissues at low levels 
and in a tissue restricted manner. In some tumour states however- 
the expression of this protein is increased, due to enhanced 
transcriptional activity. Notable examples of this are breast 
tissue (about 30% of tumours), ovarian (about 20%) and pancreatic 
tumours (about 50-75%) . In such tumours where expression of c- 
erbB2 is increased due to enhanced transcription or translation, 
the c-erbB2 promoter may be used to direct expression of proteins 
in a cell specific manner. 

With the GDEPT system of the present invention utilising c-erbB2 
promoters to target such tumours, the specificity of GDEPT is 
increased since transf action of normal cells by a vector with a c- 
erbB2 promoter will provide only very limited amount of enzyme or 
none and thus limited activation of prodrug. 

The c-erbB-2 promoter has been sequenced to -1500 and may be 
obtained by reference to Hudson et al, (1990) J. Biol. Chem. ifiS; 
4389-4393. The major start site of transcription has been 
determined by Ishii et al (1987) Proc. Natl. Acad, Sci. M; 4374- 
4378 and Tal et al (1987) Mol. Cell Biol. 2; 2597-2601. This start 
site is referred to as +1 and this numbering is referred to herein. 
Translation of c-erbB-2 starts at +178. The promoter has a CAAT 
box at -75 and a TATA box at -25. 

Hollywood and Hurst (1993) EMBO J. IZi 2369-2375 report that in 
mammary cells, regions of the promoter at -100 and -213 are 
important for the regulation of transcription. (ses also SarJear 
et al (1994) J. Biol. Chem. 2Slt 12285-12289). 

in order to achieve expression from a vector utilizing the c-erbB-2 
promoter, it is desirable to use the c-erbB-2 promoter region from 
the CAAT box, and preferably the TATA box, upstream to include 
sequence elements responsible for specificity of expression in 
particular tissues, such as those found for mammary cells by 
Hollywood and Hurst (ibid). The promoter will thus desirably 
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include at least all the nucleotides upstream (5') of the CAAT box 
to about the 250th, eg. 300th, 400th, 500th, 600th, 700th, 800th, 

900th or further nucleotide 5' to the start of transcription. It 
is also preferred to include the TATA box. Optionally, the c-erbB- 
2 sequences downstreai. of the TATA box to the start of translation 
at +178 Bay also be used. 

Although the hu«an c-erbB-2 promoter sequence is preferred, 
modified promoter sequences which are capable of selectively 
hybridizing to the human sequence may also be used. A promoter 
sequence capable of selectively hybridizing to the human promoter 
sequence will be generally at least 70%, preferably at least 80 or 
90% and more preferably at least 95% homologous to the promoter 
region or fragment thereof over a region of at least 20, preferably 
at least 30, for instance 40, 60 or 100 or more contiguous 
nucleotides* 

in general, those of skill in the art will appreciate that some 
regions of the promoter such as those at -213 will need to be 
retained to ensure tumour specificity of expression from the vector 
Whereas other regions of the promoter may be modified or deleted 
without significant loss of specificity. Thus, modified promoters 
which are transcriptionally regulated substantially to the same 
degree as human c-erbB.2 are preferred. The degree of regulation 
of such candidate promoters can be tested and assessed by those of 
skill in the art using for example CAT assays in accordance with 
those described by Hollywood and Hurst (ibid). 

-Operably linked- refers to a juxtaposition wherein promoter 
and the enzyme-coding sequence are in a relationship permitting the 
coding sequence to be expressed under the control of the Promoter. 
Thus, there may be elements such as 5' non-coding sequence between 
the promoter and coding sequence which is not native to either the 
promoter nor the coding sequence. Such sequences can be included 
in the vector if they do not impair the correct control of the 
coding sequence by the promoter • 
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Other suitable pronoters include viral promoters such as mamaalian 
retrovirus or DKA virus promoters. Suitable pronoters include 
those used in vectors described above, e.g. MLV, CMV, RSV and 
adenovirus promoters. Preferred adenovirus promoters are the 
adenovirus early gene promoters. Strong mammalian promoters may 
also be suitable. An example of such a promoter is the EF-la 
promoter which may be obtained by reference to Mizushima and Nagata 
((1990), Nucl. Acids Res. JLfi; 5322). Variants of such promoters 
retaining substantially similar transcriptional activities may also 
be used. 

The invention provides a viral vector comprising a c-erbB-2 
promoter operably linked to a gene encoding a carboxypeptidase 
enzyme, the enzyme being capable of converting a prodrug into an 
active drug. The invention also provides a kit %rtxich comprises a 
vector as defined above together with a prodrug which is capable 
of being converted to an active drug by the enzyme encoded by the 
vector. In another aspect, the invention provides a vector as 
defined above or a kit as defined above for use in a method of 
treatment of the human or animal body, and in particular a method 
of treatment of tumours in which the c-erbB-2 proto-oncogene is 
overexpressed. In a further aspect, the invention provides a 
method of treatment of tumours, and in particular a method of 
treatment of tumours in which the c-erbB-2 proto-oncogene is 
overexpressed, which method comprises administering to an 
individual with a tumour (i) an effective amount of a vector as 
defined above, and (ii) an effective amount of a prodrug capable 
of being converted to an active drug by ths enzyme encoded by the 
vector. 

The prodrug for use in the system will be selected to be compatible 
with the enzyme, ie. such that the enzyme will be capable of 
converting the prodrug into an active drug. Desirably, the 
toxicity of the prodrug to the patient being treated will be at 
least one order of magnitude less toxic to the patient than the 
active drug. Preferably, the active drug will be several, eg 2, 
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3, 4 or more orders of magnitude more toxic. Suitable prodrugs 
include nitrogen mustard prodrugs and other compoxinds such as those 
described in WO88/07378, W089/10140, tfO90/02729, W091/03460, EP-A- 
540 263, WO94/02450, WO95/02420 or W095/03830 Which are 
incorporated herein by reference. 

Efi) - Witrgqgn augtarfl prgdruqgf 

Nitrogen mustard prodrugs include compounds of the formula: 

M-Ar-CONH-R 

where Ar represents an optionally substituted ring aromatic ring 
system, R*NH is the residue of an a-amino acid R-NH2 or 
oligopeptide R-NHj and contains at least one carboxyiic acid group, 
and M represents a nitrogen nustard group. 

The residue of the amino acid R-NH is preferably the residue of. 
glutamic acid. It is disclosed in MO88/07378 that the enzyme 
carboxypeptidase G2 is capable of removing the glutamic acid moiety 
from compounds of the type shown aJaove, and the removal of the 
glutamic acid moiety results in the production of an active 
nitrogen mustard drug. 
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Thus nitrogen mustard prodrugs of use in the invention include the 
prodrugs of generic formula I of WO94/02450 and salts thereof, and 
in particular those of formula (I) : 




v^erein and each independently represent chlorine, bromine, 
iodine, OSOjMe, OSO^phenyl (wherein phenyl is optionally substituted 
with 1,2,3,4 or 5 substituents independently selected from C,.^ 
alkyl, halogen, -CN or NOj) ; 

R^" and R^ each independently represents hydrpgen, C,^ alkyl or c,.^ 
haloall^l ; 

R* and R* each independently represents hydrogen, C,.^ allcyl or C,.^ 
haloalkyl; 

n is an. integer from 0 to 4; 

each R' independently represents hydrogen, C,.^ alkyl optionally 
containing one double bond or one triple bond, C,.^ alkoxy, halogen, 
cyano, -NHj, -CX)NrV (wherein and r" are independently hydrogen, 
C,:^ alkyl or C,.^ cycloalkyl) or two adjacent r' groups together 
represent 

a) C4 alkylene optionally having one double bond; 

b) C3 alkylene; or 

C) -CH-CH-CH-CH-, -CH-CH-CH2- or -CH2-CH-CH- each optionally 
substituted with 1 , 2,3 or 4 substituents said substituents each 
independently selected from the group consisting of C^^ alkyl, q.^ 
alkoxy, halogen, cyano and nitro; 

X is a group -C(0)-, -O-C(O)-, -NH-C(O)- or -CHj-CCO)-; and 

Z is a group -CH2-T-C(0)-0R* where T is CHg, -0-, -S-, -(SO)- or 

-(SOj)-, and r' is hydrogen, c,.^ alkyl, Cj.j cycloalkyl 



wo 96/03151 



PCT/GB95AI1783 



- 11 - 

amino, mono- di-C,.^ alkylamino or mono or diCj.^ cycloalJcyl amino, 
provided that when R» is hydrogen T is -CHj-; and physiologically 
acceptable derivatives, including salts, of the compounds of 
formula (I) . 

Halogen includes fluorine, chlorine, breaaine and iodine. Preferred 
values for the groups and are methyl and hydrogen, 
especially hydrogen. Preferred values for the groups r' and R* are 
hydrogen, methyl and trif luoromethyl , especially hydrogen. 
Preferred values for the groups and R* are I, Br, CI, OSO^Me and 
OSOjphenyl wherein phenyl is substituted with one or two 
substituents in the 2 and/or 4 positions. I, CI and OSOjMe are 
especially preferred. • 

Preferred values for r' when n is an integer from 1 to 4 are 
fluorine, chlorine, methyl-CONHj and cyano. Preferably, n is 0, 1 
or 2 . When n is 1 or 2 it is preferred that r' is fluorine at the 
3 and/or 5 positions of the ring. The group X is preferably -C(0)- 
, -O-C(O)- or -NH-C(O)-. Z is preferably a group -CH2CH2-COOH. 

Preferred specific coBipounds include: 

N-4 - [ ( 2-chloroethyl ) ( 2-meByloxyethy 1 ) amino ] benzoyl-L-glutamic acid 
(referred to below as "CMDA") and salts thereof; 
N- ( 4 - [ bis ( 2 -chloroethy 1 ) amino ] -3 -f luorophenylcarbamoy 1 ) -L-glutamic 
acid and salts thereof; 

N- (4-[bis (2-chloroethyl) amino ]phenylcarbamoyl) -L-glutamic acid and 
salts thereof; 

N- (4- [bis (2-chloroethyl) amino]phenoxycarbonyl) -L-glutamic acid and 
salts thereof; and 

N- (4- tbi«(2-iodoethyl)amino]phenoxycarbonyl) -L-glutamic acid and 
salts thereof. 

Particular sub-groups of the compoxands of the present invention of 
interest may be obtained by taking any one of the above mentioned 
particular or generic definitions for R^-R*, r', X or W either 
singly or in combination with any other particular or generic 
definition for R^-R*, R'r X or W. 
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Prodrug* which are nore lipophilic than compounds of the prior art 
such as those disclosed in WO88/07378 are of use in the system of 
the invention, including compounds of the formula (II): 




wherein jO , R^ r', n and Z are as defined for co^>ounds of the 

fomula (I) above; 

n is an integer from 0 to 4, 

and 2* are each independently -0- or -NH-; and 
r' is hydrogen, i-butyl or allyl; 

and physiologically acceptable derivatives of the compound of 
formula (I). Preferred values of r\ R^ R', n and Z are as defined 
above for compounds of the formula (I). Preferred values of m are 
0, 1 or 2 as defined for n above. R* is preferably hydrogen, but 
can be protected especially during synthesis by groups such as 
allyl or t-butyl. 

These prodrugs can be activated at the site of a tumour by a 
carboxypeptidase enzyme, for example, CPG2 as disclosed in 
W088/07378 or WO94/02450. 

Compounds of the formula (II) may be made using reactions and 
methods known per se in the art of chemistry. The following 
methods are of particular use: 



A: ComPQunds of fomulfl (TT) Vtlf^rS Z' 1? -Q-? 
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Compoxinds of the formula (I) in which 2^ is -O- may be made by 
reacting a nitrogen mustard of formula (III) 




cm) 



where r\ R^, and and n are as defined above and is -O- with 
a linker of formula (IV) 




(IV) 



where R', m, Z^, w and z' are as defined above , and Q is hydrogen 
or a leaving group. This reaction may be done in aprotic solvents 
in the presence of a base, for example DMF and triethylamine. 

Preferred leaving groups Q include a succinimidyl group, a 
4-nitrophenyl carbonate group, a pentafluorophenyl carbonate and 
a tetrachloroethyl group CH(Cl}CCl3. 
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(ii) Compounds of the foraula (III) may be loade starting from 
4-nitrophenol optionally substituted with the group (s) R^^^^ (as 
defined above). The phenolic group is protected as an 
adamantanyloxycarbonyl -derivative (by reacting the starting 
materials with ad«uaantanyl-fluoroformate and triethylaaine in THF 
at room temperature). The protected 4-nitrophenyl carbonate is 
reduced to the corresponding amine by hydrogen transfer in ethanol 
using amBonium formate and Pd/C 10% as catalyst at rt. The amine 
is then hydroxyethylated with ethylene oxide in AcOH at 20*C and 
then reacted to the desired nitrogen mustard. Reference may be 
made to EP-A-433 360 or EP-A-490970 for suitable conditions. The 
compounds may be purified by column chromatography. Deprotection 
to remove the adamantyl. group may be carried out in trif luoroacetic 
acid. 

(iii) Alternatively, the nitrogen mustard of formula (III) »ay be 
activated as a chloroformate by treatment with phosgene or 
tripbosgene in an aprotic solvent and triethylaminc followed by 
coupling with a compound of formula (V) : 




where R*, m, Z^ R' and are as defined above. This may 
carried out in THF or other aprotic solvents in the present o 
base (for example triethylamine or pyridine) . 
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(iv) A further alternative route of synthesis of compounds of 

the formula (II) in vhich is -O- involves direct coupling of 
4-nitrophenol optionally substituted with the group (s) r'^^^ (as 
defined above) with the compound of the formula (IV) or by reaction 
of the said optionally sxabstituted 4-nitrophenol compound 
chloroformate with the compound of formula (IV) , followed In each 
case by the reaction described above to convert the nitro group, 
via an emine, to a mustard group. 

B; Compounds of toTmiln erT\ where is --NH-; 

(i) Compounds of the formula (II) in which is -NH- may be 
made by reaction of a compound of formula (III) in which Z* is -NH- 
with a linker of the formula (IV) in aprotic solvents and in the 
presence of a base* Compounds of the formula (III) in which Z^ is 
-NH- may be made from a l-halo*4-nitroben2y compound, optionally 
substituted with the group (s) R^^„j (as defined above)* This is 
converted to the corresponding l-bis-hydroxyethylamino-4 -nitro- 
benzyl compound by reaction with diethanolamine with beat and the 
resulting product purified by column chromatography. The 
corresponding 4-nitro nitrogen mustard may be made by for example 
mesylation using mesyl chloride in pyridine and subsequent reaction 
to other halo mustards, e.g. bromo or iodo mustards if required. 
The 4-nitro group may be reduced by hydrogen transfer in ethanol 
using ammonium formate and a Pd/C 10% catalyst at 20'C. 

(ii) Alternatively the i-bis-hydroxyethylamino-4-nitrobenzyl 
compound mentioned above can be reduced using ammonium formate and 
Pd/C 10% as catalyst in ethanol at 20 'C to provide the 
corresponding phenylene-diamino derivative. This derivative can 
be converted into the corresponding 4 -amino nitrogen mustard as 
described in the above paragraph, e.g. initially by reaction witii 
mesyl chloride. 



C! compounds of the fQrF"'»'> ^" ^^^^^ ^WH^' 
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,2 



(i) Ccwrpounds of th« formula (IV) in which is -NH- may be 

made from a 4-nitro benzylic alcohol optionally substituted with 
the group (8) J?^^y (as defined above). The hydroxyl function is 
protected as a pyranyl- or t-butyl-dimethylsilyl (TBDMSi) -ether by 
treatment at 20* C with 3,4-2H-dihydropyran and pyridinium-p- 
toluensulfonate (PPTS) in an aprotic solvent or with TBDMSi 
chloride and inidaaole in dimetbylfonnamide (DMAC) , respectively. 
The intermediate thus obtained Lb reduced to the corresponding 
amine by hydrogen transfer in ethanol using ammonium formate and 
Pd/C 10% as catalyst at 20 'C. This amine is converted to a glutamyl 
ester intermediate of formula (VI): 



R5(m: 




(VI) 



where r', m, R» and z' are as defined above, Z* is -HH- and Pr is 
the pyranyl- or t-butyl-dimethylsilyl (TBDMSi) -ether protecting 
group. This may be done by treating the amine with triphosgene and 
triethylamine in toluene at 60 'C to provide the corresponding 
isocyante, which is treated with a glutamate derivative of formula 
R»-C(0)-CH(NH2)-Z^ where R» and Z are as defined above. 
Alternatively the corresponding glutamyl -isocyanate obtained from 
the corresponding glutamate by treatment with triphosgene and 
triethylamine in toluene at -78 -C may be reacted with the amine in 
a one pot procedure. 

(ii) The compound of formula (VI) is deprotected to r«aove the 
TBDMSi or pyranyl groups by treatment with mild acidic media (AcOH, 
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THF and H20 or PPTS, EtOH, 55®C) . This yields a compound of 
formula (VI) in which Pr is hydrogen. compounds of the formula 
(IV) in vhich Q is a leaving group may be prepared using standard 
reactions Jcnovn in the art. 

(iii) For example where Q is a succinimidyl group the compound of 
formula (VI) where Pr is hydrogen may be treated with 
disuccinimidyl-carbonate and triethylamine in acetonitrile. Where 
^ 4-nitrophenyl carbonate group is desired treatment with 
4-nitrophenyl chlorformate and triethylamine in THF may be used. 
A pentafluorophenyl carbonate may be added by in situ phosgenation 
of pentafluorophenol followed by coupling to the linker of formula 
(VI) in which Pr is hydrogen. 

D: Cont>ounds of the formula (TV^ in Which is 

(i) The starting materials for the linkers possessing a carbamic 
bond are unsubstituted or substituted (with the group(s) R^^^^ (as 
defined above)) 4-hydroxy-benzylic alcohols. These type of linkers 
may require an extra electron withdrawing group on the aromatic 
nucleus in order to xindergo 1,4 -elimination. The 4-hydroxy group 
is specifically protected as an acetate by treating the starting 
material with acety l«v-tria2olo-[ 4, 5-b] pyridine, IN NaOH in THF at 
20 •C. The alcohol function of the acetate is further protected as 
pyranyl- or TBDMSi-ether by the procedures described in section C 
ahove. The acetate function is then deprotected to restore the 
4-hydroxy group in NaHC03 aq. MeOH at 20*C. The resulting phenol 
compounds are reacted in a one pot procedure with a protected 
glutamyl-isocyanate as described in section C(i) above. This 
yields a compound of the formula of (VII) as shown above in which 

is -o- and Pr is the pyranyl^ or i-butyl-dimethylsilyl 
(TBDHSi) -ether protecting group. 

(ii) Deprotection of this compoiind yields a compound of the formula 
(VI) in which Pr is hydrogen. This may be converted to compounds 
of the formula (IV) by methods analogous to those described in 
sections C(ii) and (iii) above. 
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V.r A11.^rnati v » f^Y"*-^«>«is of rofflPPWdg of fgrBttXa fill)? 

compounds of the fonaula (III) in which Q is hydrogen, fluoro, 
chloro. brono or -©-(N-succinimide) may also be obtained by 
reference to WO95/02420 or WO95/03830. 

Vlii^, other prodrugs. 

Further prodrugs suitable for use in the invention include those 
of the general fonaula: FTLi-(PRT)^ or salts thereof where FTLi is 
a ras inhibitor such as a famesyltransf erase inhibitor compound 
and PRT represents m' protecting groups capable of being cleaved 
from the ras inhibitor by the action of an enzyme, where m' is an 
integer from 1 to 5. Such compounds are disclosed in WO95/03830. 

Suitable FLTi's include those of the formula 

is* o 



^OH 



Where 14. and are the side chains of naturally occurring amino 
acids Tfor example -CH,, -CH(CH,),, -CH,CH(CH,)„ -CH(CH3)CH,CH^, - 
CH,OH, -CH^aJ^SCH,, -CH(OH)CH,), including their oxidized forms (for 
example, methionine sulfoxide or methionine sulf one) , or are 
substituted or unsubstituted aliphatic, aromatic or heteroaromatic 
groups, preferably cyclohexyl, phenyl, pyridyl, i»idazolyl or 
saturated or unsaturated branched or straight chains of 2 to 8 



wo 96/03151 




PCT/GB9S/01783 



- 19 - 

carbon atoms optionally siibstituted with an aromatic or 
heteroaromatic ring; 

X^^ is CH2CH2, trans CH-CH or CHjNH; and 

is (CH^),^ wherein n is 0, 1 or 2. Preferably and R^, both 
represent CH ( CHj ) CHjCHj . 

Suitable FLTi compounds including those of the above formulae may 
be obtained by reference to WO95/03830. 

A further group of prodrugs are tyrphostin compounds of the general 
formula: PTKi-PRT^, where PTKi is a compound with PTK (protein 
tyrosine kinase) inhibitory activity, PST is a protecting group 
capaUDle of being cleaved from the PTK inhibitor by the action of 
an enzyme and m' is an integer from 1 to 5. 

SuiteU^le PTKs include tyrphostins. Tyrphostins are low molecular 
weight (e.g. less than 2,000) styryl containing inhibitors of 
protein tyrosine kinase which are capable of binding to the subsite 
of protein tyrosine kinase domains. Suitable tyrphostins include 
those described by Gazit et al (Gazit et al, J, Med. Chem. (1989) 
li, 2344) and Gazit et al (J. Med. Chem. (1991) li; 1896-1907) and 
especially tyrphostins of the general formula: 




where represents carbon, a nitrogen or a group N-K); n is an 
integer from 1 to 3; each group R^^, which may be the same or 
different is hydrogen, hydroxy, mercapto, carboxy, formyl, C,. 
^alkyl, Cj.^ alkenyl, C,.^alkoxy, c,.^alkylthio, carboxyC,.^alkyl , 
carboxyCj.^ alkenyl , q.^alky Isulphoxy , halo ( ie . f luoro , chloro , 
bromo or iodo) , nitro, amino, C,.^alkylaiiiino, or C^.^dialkylamino, or 
when n is 2 or 3 two b}^ groups may together form a methylenedioxy 
or ethylenedioxy group; r'^ is hydrogen, hydroxy, C,.4alkyl or 
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10 



together with position 2 of the ring to which the group (s) R 
is(are) attached forms a 5 or 6 membered aliphatic or heterocyclic 
ring, said 5 or 6 neabered ring optionally containing a ketone 
group; and R« is cyano, carboxy, carbamoyl, thiocarbamoyl , a group 
CCOHNCH^Cn/ a group C(MHj)-C(CN)2, an alpha keto group C(0)R« where 
R» is 3 , 4-dihydroxyphenyl or 2-thiophenyl or an alpha aaido group 
C(0)NHR^* where r" is benzyl, phenyl or 2, 4-diaethoxyphenyl ? 
provided that at least one of the groups r" and r" is mercapto, 
hydroxy or amino. 

in a preferred embodiment, is C; n is an integer from 1 to 3; 
each group r", which may be the same or different is hydrogen, 
hydroxy, carboxy, formyl, C,.,alkyl, C^., alkenyl, c,.,alkoxy, 
carboxyC,,alkyl, carboxyC,., alkenyl, halo (ie. fluoro, chloro, 
bromo or iodo) , nitro, amino, c,.,alkylamino, or C,.,dialkylamino, or 
when n is 2 or 3 two R^» groups may together form a methylenedioxy 
or ethylenedioxy group; r" is hydrogen, hydroxy or c,^alkyl; and 
R« is cyano, carboxy, carbamoyl, thiocarbamoyl, a group C(0)IDICH,CN 
or a group c(NH,)=c(CN),. Most preferably, X* represents carbon, 
n is an integer from 1 to 3; each group r'°, which may be the same 
or different is hydrogen, hydroxy or amino; r" is hydrogen or 
hydroxy; and R« is cyano, a group c (O) HNCH^CN a group 
C(NH3).C(CN)„ an alpha keto group C(0)R» where R is 3,4- 
dihydroxyphenyl, or an alpha amido group c(0)NHR^ where R is 
benzyl; provided that at least one of the groups R , R , and R 
are hydroxy or amino. Preferably, R" is hydroxy or amino. When 
R" forms a 5 or 6 membered ring with R" preferred rings include 
heterocyclic rings wherein the ring contain one nitrogen atcmi and 
4 or 5 carbon atoms. The total number of atoms includes the 2 
carbon atoms of the ring to which the group(s) R« is(are) attached, 

suitable tyrphostins such as the above may be obtained by the 
methods disclosed in, or analogous to those of, WO95/0242O, Gazxt 
et al 1989 and 1991, ibid, which are incorporated herein by 
reference. 

TyrphctiM »y b. linlc«i to «.y .uitable protecting ^ 

is r«ovi*l. by m .nzyM. Suifbl. profcting wroup. PUT »ay b. 
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found by reference to WO95/03830 or WO95/02420 and nay be of the 
structure: 

- (Z^-CO. 0. C3l2-Ph-Z-NH-glu),. 

where is as defined above or S, m' is an integer from 1 to 5, Ph 
is a phenylene ring optionally substituted by from 1 to 4 groups 
(which nay be the sane or different) as defined above and glu is 
a group -CHZ-C(0)-0R' where Z and are as defined above. 

EfiiiK Derivativas. 

Physiologically acceptable derivatives of said prodrug include 
salts, amides, esters and salts of esters. Esters include 
carboxylic acid esters in which the non-carbonyl moiety of the 
ester grouping is selected from straight or branched chain 
^alkyl, (methyl, n-propyl,, n-butyl or t-butyl) ; or C5.4cyclic alkyl 
(e.g. cydohexyl) . Salts include physiologically acceptable base 
salts, eg derived from an appropriate base, such as alkali metal 
(e.g. sodium) , alkaline earth metal (e.g. magnesium) salts, 
ammonium and KR^, (wherein R" is C,.^ alkyl) salts. Other salts 
include acid addition salts, including the hydrochloride and 
acetate salts. Amides include non-substituted and mono- and di- 
substituted derivatives. 

F. Applications of the invention 

The system of the invention can be used in a method of treatment 
of the human or animal body. Such treatment includes a method of 
treating the groirth of neoplastic cells which comprises 
administering to a patient in need of treatment the system of the 
invention. It is also possible that the invention may be used to 
treat cells which are diseased through infection of the human or 
animal body by bacteria, viruses or parasites. Viral late 
promoters often rely on viral proteins that are made early in the 
infection. The viral coat proteins which are expressed on the 
surface of an infected cell may be used as a target for getting the 
gene into the cell. If a viral late promoter is then used to 
direct expression of the GDEPT enzyme, any infected cells will 
express the protein, and specifically, cells which have been 
infected, for some time. This may be sufficient to kill the 
infected cells. For parasites, a parasitic promoter and parasite 
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surface proteins, »ay be used to direct expression and infect the 
parasites respectively. 

For a bacteria, all the delivery systeias will probably need to be 
changed to use bacterial viruses, although a specific promoter 
should be easier to define. 

For un ot the vectors in therapy, th. vector. »iXl uwelly b. 
p.c3«g«i into viral p«*icles and the particle, delivered to the 
.it. of th. tuKur, a. d.K!rlb«l in for exa:«.l. Ra. et .1 (ibid) • 
Th. Viral particle. ~y b. wdifi*! to include «. «.tibody, 
fra^t thereof (including a .ingle chain) or t»-ourHjir,ct«i 
ligand to enhance taigetxy of the tu»our. *lt«rn.tiv.ly th. 
v«itor. My b. pactai,«J into lipo.om». The lipoeo... «y b. 
targated to a particular tu»oar. Thi. can be achieved by attaching 
a t««mr-dir«=t«J antibody to th. lipoeon.. Viral partlelM W 
.!«, b. ineorporatod into lipoeo-... The particle -y b. 
deliv.r«l to the ta««r by any .uitabl. .ean. at the di«»..l of 
th. phy.ici«.. Pr.f«.bly, th. viral particle will b. capabl. of 
.electively infecting th. tunoor ell.. By «.ri«*iv.ly inf«rt:in, 
it 1. ^ that th. viral partial., will P^^"' ^^f 
C.U. and that th. proportion of non-tuMour c.ll. inf.ct«I 
that th. da«g. to non-«-our cell, by adMlnietration of a prodrug 
will b. aocptably low, ,iv«. th. natur. of th. di.«~ being 
treated. Ulti«t.ly, tht. will b. d.t.r»in«l by th. phy.ici«.. 

suitabl. lipo.o«. includ., for «».*l., tho.. co..pri.in, th. 

poeitlvely charged lipid <»t^-<'''-«°^'f "^'^^Itld^ll 
tri.thyl«-oniu- tI»IM») , the comprising ^^'^^^r^^^^J. 
.««nola-i«e (tO«) , tho« co«.ri.ing wlH-(n' ,N'-*i-.tbyl 

«.ino.than.) -carbamoyl] cholMtKol (DC-chol). 

on. .Uitabl. rout, of .d.ini.tration is by "'^ ^ 

p.rticl.. in . rt«il. .olution. «hil. it i. P"""'^* '"r* 
prodrug, to b. ad.ini.t«.d alone it is pr.f erabl. to P'-"^ 
a. phLaceutical for»lation.. The "^'^'.''J 
prolg, to,.th.r with on. or -or. acceptable carrier. 
optionally oth.r th««P~tic ingr^lients. The « ^"^^ 

lit be -acceptable" in th. «n« of being coi.p.tlble with the 
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other ingredients of the formulation and not deleterious to the 
recipients thereof, for example, liposomes. Suitable liposomes 
include, for example, those comprising the positively charged lipid 
{Ntl-{2,3-dioleyloxy)propyl]-N,N,N-triethylammonium (Dona) , those 
comprising dioleoylphosphatidylethanolamine (DOPE), and those 
9omprising 3^[N-(n' ,N'-dimethylaminoethane) -carbamoyl] cholesterol 
(DC-Chol). 

Viruses, for example isolated from packaging cell lines may also 
be administrated by regional perfusion or direct intratumoral 
direction, or direct injection into a body cavity (intracaviterial 
administration), for example by intra-peritoneum injection. 

It is also known that muscle cells can take up naked DNA and thus 
sarcomas may be treated using a vector system of the invention in 
which naked UNA is directly injected into the sarcoma. 

Formulations suitable for parenteral or intriunuscular 
administration include aqueous and non-aqueous sterile injection 
solutions which may contain anti-oxidants , buffers, bacteriostats, 
bactericidal antibiotics and solutes which render the formulation 
isotonic with the blood of the intended recipient; and aqueous and 
non-aqueous sterile suspensions which may include suspending agents 
and thickening agents, and liposomes or other microparticulate 
systems which are designed to target the compound to blood 
components or one or more organs. The formulations may be 
presented in unit-dose or multi-dose containers, for example sealed 
ampoules and vials, and may be stored in a freeze-dried 
(lyophilized) condition requiring only the addition of the sterile 
liquid carrier, for example water, for injections, immediately 
prior to use. Injection solutions and suspensions may be prepared 
extemporaneously from sterile powders, granules and tablets of the 
kind previously described. 

It should be understood that in addition to the ingredients 
particularly mentioned above the formulations may include other 
agents conventional in the art having regard to the type of 
formulation in question. Of the possible formulations, sterile 
pyrogen-free aqueous and non-aqueous solutions are preferred. 
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The doses «ay be administered sequentially, eg. at daily, weekly 
or monthly intervals, or in response to a specific need of the 
patient. 

Preferred routes of administration are oral delivery and injection, 
typically parenteral or intramuscular injection or intratumoural 
injection. 

in using the system of the present invention the prodrug will 
usually be administered following administration of the vector 
encoding an enzyme. Typically, the vector will be administered to 
the patient and then the uptake of the vector by transfected or 
infected (in the case of viral vectors) cells monitored, for 
example by recovery and analysis of a biopsy sample of targeted 
tissue. 

The exact dosage regime will, of course, need to be determined by 
individual clinicians for individual patients and this, in turn, 
will be controlled by the exact nature of the prodrug and the 
cytotoxic agent to be released from the prodrug but some general 
guidance can be given. Chemotherapy of this type will normally 
involve parenteral administration of both the prodrug and modxfxed 
virus and administration by the intravenous route is frequently 
found to be the most practical. For glioblastoma the route as 
often intratumoural. A typical dosage range of prodrug generally 
will be in the range of from about 1 to 150 mg per kg per patient 
per day, which may be administered in single or multiple doses. 



preferably the dose range will be in the range from about lo to 75, 
e.g. from about 10 to 40, >g 1^ kg per patient per day. other 
doses may be used according to the condition of the patient and 
other factors at the discretion of the physician. 

Tumours which may be treated using the syst«. of the present 
invention include any tumours capable or being treated -^E" 
or VDEPT system and thus are not limited to any one P^^^^^^ 
Class of tumours. Particularly suitable tumour types include 
breast, colorectal and ovarian tumours, as well as pancreatic 
melanoma, glioblastoma, hepatoma, small cell lung, non-small cell 
lung, muscle and prostate tumours. 
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The system of the invention aay also be used to treat infectious 
diseases, for Bxasaple, and any other condition which requires 
eradication of a population of cells. 

It will be understood that where treatment of tumours is concerned, 
treatment includes any measure taken by the physician to alleviate 
the effect of the tumour on a patient. Thus, although complete 
remission of the tumour is a desirable goal, effective treatment 
will also include any measures capable of achieving partial 
remission of the tumour as well as a slowing down in the rate of 
growth of a tumour including metastaises. Such measures can be 
effective in prolonging and/or enhancing the quality of life and 
relieving the symptons of the disease. 

The following Examples illustrate the invention. 

The native CPG2 protein contains a signal peptide which serves to 
ejqiort it out of bacterial cells into the extracellular 
environment. In order to ensure that the signal peptide did not 
direct the e3q>ort of CPG2 from mamnaliem cells, PCR directed site 
specific mutagenesis was used to delete the signal peptide from the 
CPG2 gene. This was achieved using the PCR primer #4476: 
5'>CGC GGA TCC GCC CTG GCC CAG AAC CGC<3' 

in conjunction with primer #4477: 

5'>CGC GAA TTC CTT GCC GGC GCC CAG ATC<3' 

Primer #4476 was used to alter codons 21 and 22 of the CPG2 gene 
into a BamHl restriction endonuclease site. Primer #4477 was used 
to change codon 416 (the natural stop codon of CPG2) into an EcoRl 
restriction endonuclease site. A PCR generated fragment, 
containing the entire CPG2 open reading frame was generated and 
digested with BamHl and EcoRl and cloned into those sites of the 
plasmid MLVpplinlc (Dalton and Treisman (1992), Cell iS., 597-612). 
This results in a CPG2 protein which has the structure: Met-Ala- 
Gly*Ser-(CPG2 codons 23 to 415)-Clu-Phe-Leu-Glu-Ile-Asp, and 
therefore lacks the signal peptide. The plasmid is refered to as 
•♦1ILVCPG2*" and the protein produced from it as CPG2*. 
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NIH3T3 cells were transfected with MLVCPG2*, or with HLV^plink as 
a control in order to determine whether CPG2 could be produced in 
Banmalian cells. Transf action was performed using the lipid 
reagent lipofectMOME (GibcoBRL) . For transfection, ixios cells 
were plated into 35i»m tissue culture dishes and incubated at 37-c 
overnight. The following day, lipofectAMINE:DNA complexes were 
prepared by combining 0.4Mg of plasmid with 6m1 of lipofectAMINE 
reagent (Gibco/BRL) in a total of 32m1 of PBSA; the complexes were 
incubated at room temperature for 15 minutes. The cells were 
washed twice with 2 ml of serum free DMEM medium and placed in 
0.8ml of serum free DMEM. The lipofectAMINE :DNA complexes were 
diluted into 0.2ml of serum free medium and added to the cells. 
The cells were incubated with the lipofectAMINE: DMA complexes for 
6 hours at 37-C, washed twice with 2ml of DMEM medium containing 
10% foetal calf serum (FCS) and placed into 2.5ml 10%rcs/DMEM. 
After a further incubation period of 42 hours, the cells were 
washed twice with 5ml PBSA and extracted on the tissue culture 
dishes into SOiil of buffer A (250mM Tris.HCl, 10%v/v glycerol, 
l%v/v Triton X-100, PH7.5). The extract was transferred to 1.5ml 
tubes, centrifuged at 13,000 rpm in a micro-fuge and the 
supematants collected; the protein concentration was determined 
with the Bio-Rad protein assay kit, with BSA as a standard. 

For protein-immunoblot analysis, 10^1 of each extract was combined 
with 10/il of SDS sample buffer and the proteins were separated on 
a 10 % SDS-polyacrylamide gel (Laemmli U.K. (1970) Nature 222; 680- 
685) . The protein, in the gel were transferred to nitrocellulose 
by electroelution and the cell extracts analysed by protein 
immuno-blotting (Gerrt»oni J.M. and Palade G.E. (1983) Anal. 
Biochemistry 121; 1-15) , using a CPG2 specific rabbit polyclonal 
antibody which was raised to CPG2 expressed in Sf9 insect cells. 
The antibody was used at a dilution of 1:1000 and the 
immunocomplexes detected using the ECL immunoblotting kit, 
according to the manufacturers instructions (Amersham) . 

The extracts were also tested for CPG2 enzyme activity by measuring 
their ability to cleave the CMDA prodrug into active drug, which 
can be detected by measuring the change in optical density 
absorbance at 305n». For the assay, S/xg of NIH3T3 protein 
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extracted in buffer A was incubated in Iml assay buffer {20bM 
Tris.HCl, ImM Mgci2, eo/iM ZnC12, pH 7.4) containing SOmM CMDA 
prodrug, at 37*C for 15 ain. After incubation, EDTA was added to 
a final concentration of lOnM and the change in absorbance at SOSnn 
was Bonitored and compared to that of the starting solution. A 
reduction in absorbance indicates conversion of the prodrug into 
drug and therefore by inference demonstrates the presence of CPG2 ? 
the enzyme activity is expressed in arbitrary units, cohered to 
extraction buffer controls. 

From the immunoblot analysis, it could be seen that extracts from 
cells transfected with MLVCPG2* contained a protein with an 
apparent Mr of -40,000. which was recognised by the CPC2 antibody 
and which was not present in cells transfected with MLV^plink 
(figure lA) . When the enzymatic activity of these extracts was 
examined, CPG2 activity was detected in cell extracts from cells 
transfected with MLVCPS2* but not in extracts from cells 
transfected with MLV^plink (Figure IB) . These data show that it 
is possible to express CPG2* inside mammalian cells in a form that 
is enzymatically active. 



The internally expressed CPG2* was tested for its ability to direct 
cell death in NIH3T3 cells treated with prodrugs. Two sets of 
cells were prepared, each of which contained one dish of cells 
transfected with MLV^plink and one dish of cells transfected with 
MLVCPG2*. The cells were incubated for 42 hours following the 
transfection and then set 1 was incubated in the presence of 
prodrug vehicle (5*M Hepes, 0.5%v/v EKSO, pHV.O? final 
concentrations) for 24 hours and set 2 were incubated with the CMDA 
prodrug (0.5mM final concentration) for 24 hours. Following 
prodrug treatment, the cells were washed twice with 5ml fresh 
medium and incubated for a further 24 hours. They were then 
passaged into fresh culture dishes, seeded at ixlO^ cells/ 35mm 
dish in 2ml 10%FCS/ DMEH. After a further 72 hour incubation cell 
growth was assessed by thymidine incorporation. For thymidine 
incorporation, l^Ci of [methyl-^H] thymidine was added to each well 
(2ml medium) and incubated for 5 hours at 37 'C. The cells were 
washed twice with PBSA (4'C) and fixed with 5%w/v trichloro acetic 
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acid (TCA, in water at 4-C for 20 Binutes. The TCA was removed and 
the cells washed twice with 2b1 methanol and air dried. The DNA 
was extracted with l»l O.IM H.OH, 1%SDS at ro«. te«perature for 5 
minutes, added to 4 »1 scintillation fluid and the incorporated 
thymidine was determined by scintillation counting. 

cells transfected with MLVCPG2* grew at the same rate as cells 
transf ected with MLV^pUnk, indicating that expression of CPG2* in 
cells did not affect the growth of these cell. (Figure 2. compare 
saB^les 1,2) . Treatment of the control cells with CMDA had only 
a mini«l effect on their growth rate (Figure 2. compare samples 
1,3). By contrast, treatment of the cells expressing CPC2* with 
CMDA resulted in completed inhibition of thymidine incorporation 
and cell death (Figure 2, compare samples 2,4). Thus, these data 
show that the enzyme CPG2 can be expressed in NIH3T3 cells m an 
active form which does not appear to affect the rate of ^rowthof 
these cells. If cells expressing CPG2* are treated with 0.5mM CHDA 
for 24 hours, 100% of the cells are killed. 



1. eaT»itgn>^*<«« the vector 

»n «pr„.ion c«»tt. «. =on.truct«i by (u.in, th. 1.2tt 
Hinaill/EOORI tr.,»nt Ir- th. pl«mia PEF-Bo. («lzi.h»« «>d 
Hai^at. (1990) HM» 1.. 5«2). which contain, th. ETl. 
firrt «»n, tir.t intron ^ . portion of th. s«oml «»» to th. 
*-,16bin .t position -« r.l.tiv. to th. start of '-"■"J''"" 
Of th. fl-,lobin Th. Hco-l/Hindlll fr.gwnt frc^th. pl.«.xd 

HLV^-Plink, confining th. polylink.r «d th. ' 
^tr«»l.t.d r.,io« «. f».a to th. Hco-i *« 
,.n.. Which i. loct«l .cro.. th. ^-globin .t«t of ^^^"^'■^ 

(position «0, r.l.tiv. to th. .t^ of tr«»crxption) , to proyi*. 

r^lyl^r ^ 3' untrsnslat.. r.,ion for prop.r ^ procssing. 

This «,tir. c...tt. v» to b. clon.d into th. v.otor p«ci»« PolyA 

4.4.- w*« cloned as an Hindlll fragment (end 
expression cassette wb cxonea as 
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repaired) into the Xhol (end repaired) site in the modified pMClNeo 
PolyA plasmid. A vector with the EFlo promoter and the TK promoter 
(which drives expression of the Neo" gene) facing in opposite 
directions was chosen for the expression of CP62*; the vector is 
referred to as pMCEF-Plink. CPG2* was cloned from pMLVCPG2* as an 
Ncol/Xbal fragment into the Ncol/Xbal sites of pMCEF-Plink? this 
plasmid is referred to as pMCEFCPG2*. As a control plasmid, the 
lacz gene was also cloned into the Ncol/Xbal sites pMCEF-Plink as 
a Ncol/Xba fragment from the plasmid HLVBlacZ; this is referred to 
as pMCEFlacZ. 

2. Preparation ef u^m^lm cell lines 

Stable cell lines were prepared with NIH3T3 cells to constitutively 
express CP62*, or as a control the lacZ gene product (^- 
galactosidase) . In order to do this, NIH3T3 cells were transf acted 
with PMCEF-CP62* or pMCEFlacZ as described in Preparative Example 
1, and two days after trans feet ion, the cells were plated at low 
density into medium containing G418 at Img/ml. Colonies coming 
from single cells could be observed about two weeks later and these 
were cloned and grown up individually. The expression of CPG2* was 
determined by immunoprotein blotting of 30m1 of cell extract 
(extracted as described in Preparative Example 1) from each of the 
G418 resistant colonies with a CPG2 specific polyclonal antibody. 
The cell line «9 which expresses high levels of CPG2* (Figure 3A) 
and cell line #3, which expresses the ^-galactosidase (see below) 
were selected for further investigation. The expression of CPG2* 
and /S-galactosidase were verified in the cell lines, by enzymatic 
assay. For these assays, Ixio' cells for lines #3 and #9 were 
plated into 35bb tissue culture dishes and incubated for 4 days, 
cell extracts were prepared as described in Preparative Example 1 
and 5Mg of protein was subjected to a CMDA degradation assay and 
a p-galactosidase assay (the CMDA assay is described in Preparative 
£x2uq>le 1) . For the assay of ^-galactosidase activity in cells, 
5Mg of extracted protein was added to 600 Ml of assay buffer (40MM 
Na2po^, 26.7mM NaHjPO^, 6.7mMKCL, ImMMgSO^, 25mM 2-mercaptoethanol, 
50mM Tris.HCL, 0.06%v/v Triton X-100, 2.2mM o-nitrophenyl ^-D- 
galactopyranoside) and incubated at 37 'C for 60 min. 250/il of 
lMKa2C0j was added to the sample and the OD^ was measured The 
results in Figures 3B and 3C show that extracts from line #3 (open 
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bars) contain high levals of ^-galactosidase activity but no CPG2 
activity. The extract from line #9 does not contain any detectable 
^-galactosidase activity but does contain detectable levels of CPG2 
activity. 



cell lines #3 and #9 obtained in Preparative Example 2 were tested 
for cytotoxicity with the CMDA pro-drug, ixio' cells were plated 
into each well of 24 well dishes, incubated for 40 hours and then 
treated with increasing concentrations of CMDA at 37*0 for 60 
minutes. After a further 6 hour incubation, 10% of the cells were 
re-plated into 24 well dishes, incubated for a further 5 days and 
cell svirvival was determined by [^] -thymidine incorporation. The 
results in Figure 4 show that cell line #3 (filled symbols) is not 
sensitive to even the highest concentration of CMDA tested, whereas 
#9 (open symbols) is sensitive in a dose dependent manner, showing 
an IC50 of - 125^. 



The bystander effect was determined by mixing cell lines #3 and «9 
obtained in Preparative Example 2 at a variety of concentrations 
as indicated and a total of 1 x lo' cells were plated per well in 
24 well plates and incubated overnight. The cells were treated 
with 250MM CMDA for 60 minutes as indicated and cell survival was 
determined as in Example 2. The results in Figure 5 show that with 
these conditions, more than 95% of the cells are killed when only 
5% of the total cell population express CPG2*: thus demonstrating 
that there is a substantial bystander effect with this system. 
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SEQUENCE INFORMATION 



SEQ ID NO. 1: Genonic DNA and protein sequence of CPG2 



KTOSSSCKSC CACGC30GII AGQaSCQGOS OMSKOOGC GGCBIXSOOBk CCXnXSKXXr 60 

O B scaa aauc gaagqcmxb cmzdqqcact csMXZGcm Hii^M^oaa oaaxsasac 120 
Gcxxgavcatfyc AGautfiuac ca ujiTrm ' eanoccfto^ jmaGftflosa aauaocsm iso 

GAGCAGGMA TTOC JOG OSCOCakTOCXICCftCOQCAaGOCJaCGOCGOC 230 

Moft Aig FtoSerZleHisArgnirAlane Ala Ala 

1 5 10 

GIG CPS GCC ACT GOC TTC GIG GOS GQC ADC GCC CIG GOC QG AAS CX3C 278 

Val Lbu Ala Ttxr Ala Rie Val Ala Gly !Ihr Ala leai Ala Gin lys Axg 
15 . 20 25 

GAC AAC GIG GIG TIC CaG GCA GCT AOC GAC GAG CAG COS GCX GIG AIC 326 
Asp Asn Ved l£U IhB Gin Ala Ala Thr Asp Glu Gin Fro Ala Vtal lie 
30 35 40 

AAG AOS Cro GAG AA6 CIB GIC AAC Arc GAG AK GGC AO: GGT GAC G^ 374 
lys Tta lau Glu lys Leu val Aan He Glu Ohr Gly Hit Gly Asp Ala 
45 50 55 60 

GAG GK AIC go: GCT OCS GOC AAC Tlx; CTC GAG GCC GAG Crc AAG AAC 422 

Glu Gly Ue Ala Ala Ala Gly Asn Ibe Leu Glu Ala Glu Leu Zys Asn 

65 70 75 

CPCGSCTICAaSGICACGGQAAGCAAGTCGGOCGQCCIGGIGGIGGQC 470 

Leu Gly Rie mr Val mr Arg Ser lys Ala Gly Leu Val Val Gly 
80 85 90 

GAC AAC ATC GIG GGC AAG AaC AA6 GC3C OSC GOC GOC AAG AAC CDS GIG 518 
Asp Asn lie Val Gly lys He lys Gly Azg Gly Giy lys Asn leu I^u 
95 lOO 105 

CIG AIG TOG CAC AIG GAC AQC GIC TAC CrC AAG GGC ATT aC GOS AAG 566 
Leu Net Ser His Het AspOirValiyrleuIysGlylleLauAlalys 
110 115 120 

GOC COG TIC OGC GTC GAA GOC GAC AAG GOC TtiC GGC COG GGC ATC GOC 614 

Ala FID Rie AX9 Glu Gly Ai9 lys Ala lyr Gly Pro Gly lie Ala 

125 130 135 140 

GAC GAC AAG GGC GGC AAC GOG QIC ATC CTG CAC ACG CTC AAG CTG CTG 662 
AspAspIysGlyGlyAsnAlaVBdlleLeuHis^LeuIyBleuIau 

145 150 155 

AAG GAA lAC GGC GIG GGC GAC lAC GGC ACC ATC AOC GIG CDS TIC AAC 710 

lys Glu lyr Gly Val Azg A^ lyr Gly Sir He The val Leu the Asn 
160 165 170 



ADC GAC GAG GAA AAG QGT TOC TTC GGC TOG CGC GAC CTG ATC GAA 
Thr Asp Glu Glu lys Gly Ser Rie Gly Ssac Arg Asp Leu lie Gin Glu 
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175 



180 



185 



SA AM CK Stf: TftC GIG OC TCr nC GM Oa 

190 195 200 

GGCGftCGAAJAAClCTaSCro<«JtfSTOGTOMCGa 

Gly Asp du lyB lau Ser Lw ay Ite Ser my Il« Ala IVr Val an 
205 210 215 »o 

GTC AM ATC ACC GK AiC (»C TO3 CM <« QGC GCC 

Val Asn lie our dy lys Ala Ser Hi« Ala Gly Ala Ala I*o au I«i 

225 230 235 

GGCGIGAACOCCCroGrcCMGCrOTGMCrcCJGCTSO^ 

GlyVilAanAlaLBuValGluAlaSerAspLBuVillfiuArgahrMat 
240 245 250 

AftCATCGACGMAMGOSAIIGAftCCroOGCTTCAACTCGAttM^ 
AsnlleAspAspItfsAlaiysAsnlaiArgHieAsnTrplhrlleAla 

255 260 265 

AMGOCGOCAACGICTQGAMATCATCaXGttAflCGOCi^ 
lysAlaGlyAsnValSerAsnllellePtoAlaSerAlalSirlaiAsn 

270 275 280 

AlaAspVaiArgiyrAlaArgAsnGluA^aeA^AlaAlaliet^ 
285 290 295 3«w 

AffiCroGAAGWCKGOGCMCa^AMAMCTCOTGAG 

Oto lau Glu Glu Arg Ala can can Itfs lys Iflu ECO Glu Ala Asp Val 

305 310 315 

AM CaC ATC GTC ACG or GSC aSC CXS GOC TO AM Ga 

lys val Ila Val ISir Arg Gly Arg Eto Ala Hie Asn Ala ay GlM Gly 
320 325 330 

QGCAMAAGCTOGrcGMAMGaSGKSGCCTJtfrTACAMGAAQaQ^ 

GSSsIyslBuVidA^IyBAlaVal Ala lyr lyr lys Glu Ala Gly 
335 340 345 

GOCAOSCaGGGCOTaAGMaXADCaaGaGaZADCGACQaSOT 
S S vil au Glu Arg ISir dy ay Gly -mr ASP Ala Ala 

350 355 360 

T!CGCCG0GCTCroiGC3CAAGaaGPGATCGMAGCCroGQCCTC 

^ S Ala Leu ser ay lys pro Via ne au Ser I«i ay I« 

365 370 375 

GKTICQGCaMCMAGCatfAMGOCOG^OTGG^MCAa 

ayIbeayTyrHisSerAq?ItfBAlaauiyrValAspIleSttAla 

385 390 •»» 

ATTOCSaSCCXCJGraCMBOCTGCXSaCCroMCATGGMOT 
S^SSSS5rMBtAlaAjjArgI«.IleMetA^I«iay 

400 *^ 



806 



854 



902 



950 



998 



1046 



1094 



1142 



1190 



1238 



1286 



1334 



1382 



1430 
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GOC GQC AAG T GM O OCrOX (XXX.UH.:i'l'r TraCTOSCSr 1480 

Ala Gly 

415 

ksixx3€ccc oosAoossn asasmsio c occnsasGC asLt mv m ggaccooczc i540 

GicacmA KxaMsracc mui ' iui ' iia caoafafrA gqaagockic cQOGaoGascs leoo 

TscGoaciT croGCMOQc ouocrosc ocaftCGcnr gakdsgggac csGCMxacA leeo 

GcrnccoA gaooxacxs^ osaasiaasc tsqcseagbc AcrciaijiG ocxxaGSAGc 1720 

Aroa rasc GC aacscxaaac Tsyoaokccr uJuacKaGi G caaaosAGA T i:i3:ua.tu; i78o 

GGAassQQQc AocMscaoGB ccKEaaoBi caaaAcroc ooasxcAACs coaoczaiT i84o 

GOSCiaasGc AAcaaxaGC acaA G aaocA u i axKi as ooGcroGcoc A G g G o c aa T 1900 

GCiaSGiaSCX: frn *'^ < M'^ COEaqCSQCA CfiOaaQCAOC GAltSCAlUSA OOCXQOGCAC i960 

CAaasouQc AaaacoGos AaacscEAOsr caiaacGQC GisAAGcaGr icscrcAacAG 2020 

aSCSCAAGAAC GQGCSaSIGS aOOSKIOC 2048 



W096A)31S1 



• 



PCT/GB9S/01783 



1. 



2. 



3. 



4. 



5. 



6. 



7. 



8. 



- 34 - 



A two component system for gene-directed enzyme prodrug 
therapy which coaprisw: (a) a vector which encode, a 
carboxypeptidase which ia mxpressed within a cell; and 
(b) a prodrug which can be converted into an active drug by 
said carboxypaptidase. 

A system according to claim 1 wherein the enzyme is a 
bacterial carboxypaptidase. 

A system according to claim 2 wherein the carboxypaptidase 
is carboxypaptidase CP62. 

A .y.t«. aeoordin, to wy one ot claims 1 to 3 -harein th. 
prodrug la a nitrogen mustard prodrug. 

A .y.t«i aooordin, to any on. of claim. 1 to 4 ^A.r.in th. 
vctor c<«pri.« a P«-ot.r capable of being expr««d in a 
tissue restricted manner. 

A system according to claim 5 wherein the promoter is a c- 
erbB2 promoter • 

A system according to «.y on. of clal« 1 to 6 for use^ a 
»tl>od of treati«nt or th«apy of the h»««. or animal body. 

A m.thod Of tr«tin, a «mour in a patient "-^ 
treatment .hich co-pri.- administ^in, to «id p.ti«t » 
ef furtive amount of a v«±or ««odin, «. ««y.. 
being «pr».«. on th. surface of a cm a prodrug 
capable of being converted by said enzyme to «. active 
drug . 
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Fig.lB. 
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